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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a martensitic precipitation hardening stainless steel for machine structural 
use, superior in cold workability and machinability compared to the conventional one and excellent in aging 
hardenability and fatigue characteristic. 

SOLUTION: The martensitic precipitation hardening stainless steel for machine structural use is composed of an 
alloy steel which has a chemical composition containing, by weight, <0.03%C, 0.5-0.95%Si, <1.0%Mn, 1.5-3.5%Cu, 
5.0-8.0% Ni, 14.0H7.0%Cr,0.65H.5%Ti, <0.05% Al, 0.1-0.4%Nb, <0.015%N, <0.005%O and other inevitable 
impurities and satisfying Nb/C>10 and Ti/M>50. Moreover, the structure after solid solution heat treatment 
consists of martensite and <5 voL%ferrite and has <300 Hv hardness. Further, hardness can be increased to >510 
Hv by subsequent aging treatment, and hardness increment AHv due to aging becomes >230. 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
daiages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim (s)] 

[Claim 1] Chemical composition by weight %C^).03%or less, Sifi.5-0.95%, Mn: Less than [ 1.0%], Cu:l .5-3.5% 
nickel5.0-8.0% Less than [ aluminumfl.05%L Nbfi.1-^.4% N30.015%or less, and Ofi.005%or less are included 
Cr:14.0-17.0%and Til).65-1.5?t By more than Nb/C:10 and more than Ti/N50 In addition, consist of the alloy steel 
containing an unescapable impurity, and the organization after a solution treatment consists of martensite and a less 
than [ 5vol%] ferrite. Moreover, machine structural steel worker martensite system precipitation hardening stainless 
steel with which hardness Is 300 or less Hv, hardness is set to 510 or more Hv(s) by subsequent aging treatment, 
and hardness lifting part deltaHv by aging becomes 230 or more further. 

[Claim 2] Chemical composition by weight %Cfl.03%or less, Sifl.5-0.95%, Mn:Less than [ 1.0%], Cu:l. 5-3.5% 
nickel5.0-8.0% Cr: 14.0-1 7.0%, Tii).65-1 .5%, less than [ aluminum fl.05%], Less than [Mo:1.0%] is included Nb:0.1- 
0.4%. N:0.015% or less, and 0:0.005% or less. By more than Nb/C:10 and more than Ti/N:50 In addition, consist of the 
alloy steel containing an unescapable impurity, and the organization after a solution treatment consists of martensite 
and a less than [ 5vol%] ferrite. Moreover, machine structural steel worker martensite system precipitation 
hardening stainless steel with which hardness is 300 or less Hv, hardness is set to 510 or more Hv(s) by subsequent 
aging treatment, and hardness lifting part deltaHv by aging becomes 230 or more further. 



[Translation done.) 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] This invention relates to the machine structural steel worker martensite system precipitation hardening 
stainless steel which enabled control of the hardness after a solution treatment, and coexistence of improvement in 
age-hardening ability by carrying out compound addition of Cu, Si, and Ti by raising age-hardening ability and finding 
out the proper balance of Nb, C, and Ti and N further. 
[0002] 

[Field of the Invention] This invention is concerned with bearing, a gearing, etc. which corrosion resistance is 
required and are used in response to high planar pressure, and the shafts of which fatigue strength is required with 
respect to machine structural steel worker martensite system precipitation hardening stainless steel. 
[0003] 

[Description of the Prior Art] Generally SUS630 is used for the machine structural member as which high corrosion 
resistance Is conventionally held, and high intensity is required. However, with small [ of the machine structure ], 
and progress of lightweightHzing, as the result, bearing and shafts are put on severe operating environments, such 
as a high load and high planar pressure, and the lack, of material strength poses a problem in recent years. As an 
Ingredient with which a high degree of hardness is obtained from SUS630, although there is SUS631, since this steel 
type contains aluminum so much, the oxide system inclusion with which the manufacturability of steel is bad with 
inclusion and causes fatigue breaking will generate it. [ many ] Furthermore, these steel types have the demand 
which wants to reduce the hardness after a solution treatment as much as possible, in order cold^orking nature 
and machlnability are bad and to be a components manufacturing-cost cutback. 
[0004] 

[Problem{s) to be Solved by the Invention] Although there are JP,60-36649,A, JP,60-177134,A, JP,4-5726,A, JP,4- 
36441,A, JP,7-157850,A, JP,8-74006,A, etc. in that a high degree of hardness is obtained according to aging to a 
trouble as shown above, consideration lacks all at the hardness after a solution treatment, namely, dissolution-ized 
hardness is high and age-4iardening ability (deltaH v) is low. Moreover, in order to reduce the hardness after a 
solution treatment, the ferrite is made to generate so much in JP,8-19507,A or registration 2571949. However, this 
ferrite remains also after aging treatment and becomes the cause of it not only reducing age-hardening ability, but 
reducing a fatigue property. In order to solve such a problem, this invention was obtained as a result of repeating 
research wholeheartedly, and offers machine structural steel worker martensite system precipitation hardening 
stainless steel. 
[0005] 

[Means for Solving the Problem] This invention is adding Nb and Ti and limiting the ratio of Nb, C, and Ti and N, in 
order to reduce the hardness after a solution treatment. By reducing Dissolution C and the amount of N, and limiting 
additions, such as Si, Cu, Cr, nickel, and Mo While controlling generation of the ferrite which has an adverse effect 
on a fatigue property, high age-hardening ability is realized because balance improves [ compound addition ] Cu, Si, 
and Ti which appear age-hardening ability further. 

[0006] Therefore, the machine structural steel worker martensite system precipitation hardening stainless steel of 
this invention Chemical composition by weight %Cfl.03%or less, Sifl.5-0.95%, MniLess than [1.0%], Cu:l .5-3.5% 
nickel5.0-8.0%Less than [ aluminumD.05%], Nbfl.1-0.4%^ Ni).015%or less, and O£.005%or less are included 
Cr:1 4.0-1 7.0% and Tifl.65-1.5% By more than Nb/C:10 and more than Ti/tJ50 Or it consists of the alloy steel which 
may also contain less than [ Mo:l%], in addition contains an unescapable impurity. The organization after a solution 
treatment consists of martensite and a less than [ 5vol% ] ferrite, and hardness is 300 or less H v, hardness is 
further set to 510 or more Hv(s) by subsequent aging treatment, and 230 or more are the hardness lifting part 
deltaHv by aging. Next, the reasons for definition of chemical composition etc. are explained. 
[0007] Since it not only raises the hardness, but became the cause of degrading corrosion resistance when C£.03% 
or less C was dissolvirig to the martensite generated after a solution treatment the upper limit was made into 0.03%. 

[0008] Si: Although it is the element with which Si is added as deoxidation material 0.5 to 0.95% at the time of 
manufacture of steel, by carrying out compound addition with Cu and Ti, it is also the element which raises high 
age-hardening ability, and 0.5% or more needs to be added for the effectiveness. However, when it added exceeding 
QM%, the upper limit was made into 0.95% in order to carry out solid solution strengthening of the martensite after 
a solution treatment and to promote generation of a ferrite it not only to to raise hardness, but. 
[0009] Mn: Although Mn controlled generation of the ferrite at the time of a solution treatment 1.0%or less, since 
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the nonmetallic inclusion of MnS which has an adverse effect on a fatigue property simultaneously was generated 
and hot-working nature was checked further, the upper limit was made into l.OJi 
[0010] Cu: 1.5-3.5%Cu made the upper limit 3.5%in order to check hot-working nature remarkably if the 
effectiveness of being the important element which makes age-hardening ability appearing, and also improving 
corrosion resistance further also makes 1.5% a minimum for a certain reason and is added superfluously as added by 
SUS630. It is 2.6 -3.5% still more desirably. 

[0011] nickel:ln addition to the effectiveness which controls generation of a ferrite further, nickel has improved 
corrosion resistance 5.0 to iJO% and it was the important element which appears high age-hardening ability by 
combining with Si and Ti, and the upper limit was made into 8.0% in order to raise ingredient cost for the 
effectiveness to not only be saturated, but, if it is required 5.0%or more for the effectiveness and adds 
superfluously. It is 6.5 -8.0% still more desirably. 

[0012] Cr: 14.0-17.0%Cr was an element indispensable although the corrosion resistance of stainless steel is given, 
and it made the upper limit 17.0% in order to promote generation of a ferrite, if 14.0% or more is required in order to 
fully pull out the effectiveness, and it adds superfluously. It is 14.5 - 16.0%still more desirably. 
[0013] Mo: 1.0%or less Mo is known as an element which raises corrosion resistance, and may be added to 1.0%. 
However, since it would carry out solid solution strengthening of the martensite after a solution treatment, 
generation of a ferrite would be promoted it not only raises hardness, but and ingredient cost would also be further 
raised if it adds superfluously, the upper limit was made into 1.0% 

[0014] Ti:0.65 -1.5%ri is the Important element which appears high age-hardening ability, and is required of this 
invention which needs a high degree of hardness. [ 0.65%or more of ] However, when it added superfluously, 
although age-hardening ability went up further, the upper limit was made into 1.5% in order to become easy to 
generate the big nonmetallic inclusion of TIN, to saturate the Improvement effectiveness in a fatigue property as a 
result and to make it deteriorate sometimes. It is 0.95% of upper limits still more desirably. 
[0015] aluminum: Although age-liardening ability wilt be discovered by combining with nickel if aluminum is added as 
deoxidation material on manufacture of steel 0.05% or less and it adds so much, in order to generate oxide system 
inclusion like an alumina so much simultaneously, It not only checks manufacturablllty, but this Inclusion will degrade 
a fatigue property. Therefore, In this Invention, since aluminum was not used for appearance of age-hardening ability, 
the upper limit was made Into 0.05% 

[0016] Nb:0.1-0.4?i^b(s) are C and an element with a dramatically strong affinity, and are elements effective in 
preventing that C dissolves in martensite at the time of a solution treatment, and reducing the hardness. For the 
effectiveness, 0.1%or more needed to be added, and since the effectiveness is not only saturated, but superfluous 
addition raised Ingredient cost, it made the upper limit 0.4% 

[0017] Although it is the element with which N exists Impossibly in steel Nfl.015%or less, an affinity with Ti is 
dramatically strong, and in order to secure Ti which It not only has an adverse effect on a fatigue property, but 
contributes to an age -hardening, it is necessary for TIN which Is nonmetallic inclusion to be generated, and to make 
it to at least 0.01 5% or less. 

[0018] OD.005%or less 0 existed as oxide system Inclusion with which most is represented by the alumina in steel, 
and since this inclusion degraded the fatigue property greatly, it made the upper limit 0.005% It is 0.003% or less still 
more desirably. 

[0019] It becomes clear that it is the very important factor which influences the hardness after a solution 
treatment, and or more [ Nb/C:] 10 Nb/C needs to carry out to ten or more, in order to be the effectiveness. 
[0020] Or more [Tl/fJ:] 50 Tl/N influences the hardness after a solution treatment, it becomes clear that it is the 
important factor which also influences age-hardening ability further, and in order to be the effectiveness, 50 or more 
are required. 

[0021] The ferrite content after a solution treatment:The fatigue property Is dramatically Important as a less than 
[ 5vol%] machine structural member. The ferrite after a solution treatment will have an adverse effect on a fatigue 
property, If It does not disappear according to aging and this elasticity ferrite exists In martensite. Therefore, the 
upper limit was made into 5vol(s)% 

[0022] Hardness after a solution treatment: The martensite system precipitation hardening stainless steel of 300 or 
less HvSUS630 grade is fabricated In the process used as a machine structural member by the part shape by cold 
working or machining. In order to raise the workability, the upper limit of the hardness after a solution treatment was 
set to Hv300. 

[0023] Hardness after aging treatment: The minimum was set to Hv510 In order to acquire effectiveness advanced 
and stable as highHntenslty-izIng of 510 or more Hv($) machine structural member. 

[0024] The minimum of deltaHv was set to 230 as what reduces the hardness after or more [ age-hardening ability 

deltaHv:] 230 solution treatment as much as possible, and expresses age-hardening ability directly. 

[0025] In this this invention, the unescapable impurity other than these alloy elements is included on manufacture of 

steel. In it, about B, since there is not the element that affects the dissolution-ized hardness which is the 

description of this invention, and aging hardness but a case where hot-working nature is improved rather, you may 

add if needed. 

[0026] 

[Embodiment of the Invention] In A-H in a table 1, Q shows the chemical entity of SUS630 whose l-P is steel 
conventionally about comparison steel In the chemical entity of the steel by this invention. Moreover, Nb/C and 
Ti/M are also shown simultaneously. 
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A table 1] 



IE 



T 



c 


Si 


Mn 


P 


S 


Cu 


Ni 


Cr 


Mo 


Nb 


Ti 


Al 


N 


O 


Nb/C 




0.02 


0.91 


0.65 


0.025 


0.004 


2.72 


7.02 


14.9 


0.02 


0,30 


0.75 


0.O3O 


0.0090 


0.0035 


15.0 


83,3 


0,01 


0.85 


0.78 


0.030 


0.004 


3.00 


6,71 


15.5 


0.01 


0.25 


0.80 


0.031 


0.0088 


0.0027 


25.0 


90,9 


0,03 


0.81 


0.45 


0.032 


0.002 


2.61 


6.58 


14.6 


0.02 


0.32 


0.66 


0.025 


0.0120 


0.0034 


10.7 


55.0 


0,03 


0.57 


0.83 


0.030 


0.003 


1.73 


5.30 


14.2 


0.02 


0,34 


1.42 


0.035 


0.0133 


0.0033 


11.3 


106.8 


0.02 


0.95 


0.50 


0.032 


0,003 


3.29 


751 


15.9 


0.03 


0.37 


0.94 


0.O28 


0.0092 


0.0021 


18.5 


102.2 


0.02 


0.52 


0.72 


0.029 


0.004 


3.23 


7.62 


16.6 


0.01 


0.29 


1.38 


G.033 


0.0110 


0.0028 


14.5 


125.5 


0.03 


0.71 


0.78 


0.027 


0.002 


2.98 


6.93 


15.1 


0.01 


0.33 


0.68 


0.023 


0.0076 


0.0038 


11.0 


89.5 


o:o2 


0.94 


0.60 


0.030 


0.003 


2.60 


7.09 


15.0 


0.65 


0.30 


O.BO 


0.030 


0.0096 


0.0027 


15.0 


83.3 


0.05 


0.70 


0.51 


0.030 


0.004 


2.22 


6.7S 


15.0 


0.03 


0.35 


0.71 


0.034 


0.0111 


0.0036 


7.0 


64.0 


0.03 


0.78 


0.60 


0.031 


0,004 


2.88 


6.52 


15.4 


0.03 


0.22 


0.74 


0.029 


0.0089 


0.0028 


7.3 


83.1 


0.01 


1.48 


0.70 


0.034 


0.003 


2.02 


7.10 


15.2 


0.01 


0.21 


0.B3 


0.029 


0.0122 


0.0025 


21.0 


68.0 


0.02 


0.82 


0.50 


0.029 


0,002 


1.98 


6,91 


14.8 


0.04 


0.29 


0.41 


0.026 


0.0070 


0.0031 


14.5 


58.6 


0.03 


0.81 


0.48 


0.027 


0,002 


1.B5 


6.62 


15.9 


0.02 


0.30 


0,67 


0.030 


0.0145 


0.0033 


10.0 


46.2 


0,03 


0.92 


0,66 


0,031 


0.003 


2.85 


6.95 


14.9 


0.02 


0.33 


1.88 


0.040 


0.0150 


0,0035 


11.0 


125.3 


0,02 


0.89 


0.43 


0.032 


0.003 


3.03 


7.30 


15.5 


0.02 


0,32 


0.91 


0.079 


0.0130 


0.0039 


16.0 


70.0 


0,02 


0.71 


0.56 


0.027 


0.002 


1.11 


7.25 


14.9 


0.03 


0,26 


0.79 


0.021 


0.0093 


0,0028 


13.0 


84.9 


0.05 


0.35 


0.50 


0.035 


0.003 


3.42 


4.48 


16.2 


0.01 


0.20 


0.01 


0.030 


0.0173 


0.0041 


4.0 


0.6 



it 



A table 2 shows the hardness after the solution treatment of steel A-Q which has the chemical entity shown in a 
table 1, the hardness after a ferrite content and aging treatment, and age-hardening ability deltaHv. 



[A table 2] 






7x^'rhM(vol%) 






m 
m 


A 


280 


2.0 


555 


275 


B 


268 


4.1 


557 


289 


C 


286 


0.5 


546 


260 


D 


278 


1.3 


520 


242 


E 


285 


4,9 


598 


313 


F 


266 


4,3 


580 


314 


G 


283 


0.6 


558 


275 


H 


289 


4§ 


562 


273 


it 
m 

■ ifl 


t 


342 


0 


582 


240 


J 


335 


2.8 


599 


264 


K 


312 


7.4 


568 


256 


L 


290 


1.7 


496 


206 


M 


305 


4.9 


517 


212 


N 


285 


2.9 


591 


306 


0 


280 


2.3 


578 


298 


P 


279 


1,2 


484 


185 




0 


344 


5.3 


429 


85 



Furthermore, a table 3 shows conventionally the ratio [ average life /which was acquired from thrust mold rolling 
life test carried out in the test condition shown with the 107 times durable stress obtained by the rotary bending 
fatigue test carried out in the test condition shown in a table 4 in a table 5 1 on the. basis of steel SUS 630. The 
rotary bending fatigue test approach was shown in a table 4. The thrust mold rolling life test approach was shown in 
a table 5. 
[A table 3] 
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A 


1.3 


3.3 




B 


1.4 


3.4 




c 


1.4 


3.3 




n 


1.2 


3.0 




E 


1.3 


4.1 




1 


1.4 


3.8 




G 


1.3 


3.4 




If 


1,3 


3.3 




1 

1 


1.4 


3.8 




J 


1.4 


4.1 






1.1 


1.3 




L 


1.2 


2.2 


» 


M 


1.2 


2.4 




N 


1.0 


1.3 




0 


0.9 


1.2 




P 


1.1 


1.7 


fail:! 


Q 


1.0 


1.0 



[A table 4] 













3600rpm 




1 040°C X 30^ 




480°Cx4hr 



[A table 5] 









0)60 X 10mm 


CS±llSiSLiifi1500 com 




Tv^^lO.jia 








1 33. 3kgf 




1040^0 x305> 




480^ X 4hr 



[0027] The hardness after a solution treatment of all this invention steel is 300 or less Hv, the ferrite content is less 
than [ 5vol%] here, deltaHv shows 230 or more by 510 or more Hv(s), and the hardness after aging treatment is still 
still better in connection with lifting of aging hardness in a rotary bending fatigue property and a rolling fatigue 
property. 

[0028] A fatigue property since there are many amounts of Si, the hardness after a solution treatment of the 



5/S ^-v 



comparison steel K is [ even if the comparison steel I has /as opposed to /on the other hand /this /high C and 
C and Nb of the comparison steel J are the generic claims of this invention, Nb/C is low, the hardness after a 
solution treatment is not fully reduced, but ] also high and there are still more ferrite contents cannot be said to be 
fitness, either. The comparison steel L has the still lower amount of Ti, and the hardness and age-hardening ability 
after sufficient aging treatment are not obtained. Moreover, the comparison steel M has low Ti/fJ, even if Ti and N 
are the generic claims of this invention, its hardness after a solution treatment is high, and sufficient age-tiardening 
ability is not obtained. Furthermore, the comparison steel N has the superfluous amount of Ti, although the hardness 
after aging treatment etc. is enough, TIN becomes a cause and improvement in a fatigue property Is not accepted. 
[0029] Furthermore, as for the comparison steel 0, superfluous addition of the aluminum is carried out, although 
aging hardness etc. is enough, oxide system inclusion, such as an alumina, becomes a cause and improvement in a 
fatigue property does not have private seals. Furthermore, the comparison steel P has the low amount of Cu(s), and 
the hardness and age-hardening ability after aging treatment are not fully obtained. The comparison steel K, N, and 
0 cannot balance hardness and a fatigue property, for the application as a machine structural steel worker, is 
unsuitable, namely, it not only is raising ingredient cost recklessly, but it cannot accept it easily on the occasion of 
the design of a machine structural member. In addition, it turns out that Si of steel is conventionally low, and Ti is 
not added, and the hardness after sufficient aging treatment is not obtained. 

[0030] Therefore, this invention steel is machine structural steel worker martensite system precipitation hardening 
stainless steel whose fatigue property the hardness after a solution treatment is low, and a high degree of hardness 
is obtained after aging treatment, balances the hardness, and improves. Although the example of this invention was 
explained in full detail above, this is an example, is the range which does not deviate from the intention of this 
invention, and can be applied to the machine structural member as which high corrosion resistance and a high 
degree of hardness are required. 
[0031] 

[Effect of the Invention] As mentioned above, according to this invention, machine structural steel worker 
martensite system precipitation hardening stainless steel with the age-hardening ability which cold-working nature 
and machinability were good, and was superior to before, and a fatigue property can be obtained. 



[Translation done.] 



